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Abstract
The diagnosis of strongyloidiasis by coprological methods has a low sensitivity, underestimating the prevalence of Strongyloides stercoralis in endemic areas. Serodiagnostic tests
for strongyloidiasis have shown robust diagnostic properties. However, these methods
require a blood draw, an invasive and labor-intensive sample collection method, especially
in the resource-limited settings where S. stercoralis is endemic. Our study examines a
urine-based assay for strongyloidiasis and compares its diagnostic accuracy with coprological and serological methods. Receiver operating characteristic (ROC) curve analyses determined the diagnostic sensitivity (D-Sn) and specificity (D-Sp) of the urine ELISA, as well as
estimates its positive predictive value and diagnostic risk. The likelihood ratios of obtaining a
positive test result (LR+) or a negative test result (LR-) were calculated for each diagnostic
positivity threshold. The urine ELISA assay correlated significantly with the serological
ELISA assay for strongyloidiasis, with a D-Sn of 92.7% and a D-Sp of 40.7%, when compared to coprological methods. Moreover, the urine ELISA IgG test had a detection rate of
69%, which far exceeds the coprological method (28%). The likelihood of a positive diagnosis of strongyloidiasis by the urine ELISA IgG test increased significantly with increasing
units of IgG detected in urine. The urine ELISA IgG assay for strongyloidiasis assay has a
diagnostic accuracy comparable to serological assay, both of which are more sensitive than
coprological methods. Since the collection of urine is easy and non-invasive, the urine
ELISA IgG assay for strongyloidiasis could be used to screen populations at risk for strongyloidiasis in S. stercoralis endemic areas.
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Introduction
Strongyloidiasis is a neglected tropical disease (NTD), with transmission occurring in tropical
and subtropical regions of the world, including the subtropical regions of the United States
(Southeastern USA) [1–3]. People acquire an infection via penetration of the skin by infective
larvae whereupon the larvae enter the blood circulation, reaching the lungs and subsequently
the gastrointestinal tract where they mature to adult worms. The life cycle of S. stercoralis, however, is unique among soil-transmitted helminths (STHs) in several key respects. Strongyloides
stercoralis filariform larvae can autoinfect its human host by re-entering via enteral circulation
without shedding larvae into the soil. With both irregular and minimal S. stercoralis larval output in human feces, conventional microscopic methods often fail to detect chronic asymptomatic strongyloidiasis. Despite the regular daily collection of stool samples which were also
subjected to fecal concentration techniques, coprological tests by the Baermann and Koga agar
plate culture (ACP) have been found to lack significant diagnostic sensitivity (4). Hence,
improved methods for the detection of S. stercoralis infection are urgently needed not only for
people at increased risk from chronic strongyloidiasis (e.g., candidates for transplantation,
people undertaking chemotherapy, or people on systemic corticosteroids) [1,4], but also people residing in S. stercoralis endemic areas, such as northeast Thailand, where the current
study takes place.
Several serological tests to detect chronic strongyloidiasis have been developed, resulting in
dramatically increased diagnostic sensitivity [5]. These serum or plasma based indirect
enzyme-linked immunosorbent assays (ELISA) is often based on a crude extract of larval antigen of S. stercoralis, or heterologous antigen from other Strongyloides spp. or recombinant S.
stercoralis antigens [5–12]. In a recent evaluation of the diagnostic accuracy of five different
serological methods to detect S. stercoralis, Bisoffi and colleagues, showed that these methods
had much greater sensitivity (D-Sn) and specificity (D-Sp) compared to the composite reference method. Hence, they can now act as first line detection methods, especially for individuals
awaiting transplantation or immune therapy [5].
However, serodiagnosis requires a blood draw, which is an invasive procedure and not
always possible in the resource-poor settings where S. stercoralis is endemic. Other clinical
specimens such as urine or saliva, which can be easily collected would be preferable sample
matrices for diagnosis and screening of strongyloidiasis. The detection of antibodies in urine
has been suggested as a possible non-invasive alternative technique to diagnose various other
diseases such as rubella, hepatitis A and C, Helicobacter pylori infection, echinococcosis, leishmaniasis, filariasis, schistosomiasis and opisthorchiasis [13–20]. In addition to antibody detection, DNA-based detection methods in feces or urine have been reported with better
diagnostic accuracy than conventional fecal examination techniques [21,22]. However, to date,
there have been no reports examining the usefulness of urine specimens for the immunodiagnostis of strongyloidiasis.
We developed and evaluated, herein, a novel urine based indirect ELISA for the diagnosis
of strongyloidiasis by the detection of Strongyloides-specific immunoglobulin G (IgG) antibody
using Strongyloides ratti antigen. We have evaluated the diagnostic performance of urine
ELISA for Strongyloides by comparing it to the conventional coprological methods and the
recently developed serological methods in the sample set of urine, fecal, and blood specimens
collected simultaneously from individual resident in an S. stercoralis endemic area in northeast
Thailand. Our urine-based detection method is intended for use in endemic settings (to screen
people at risk for complications, in prevalence studies, and clinical diagnosis in adequately
equipped laboratories), and in areas of low or no endemicity (screening and diagnosis of
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immigrants, travelers, and autochthonous infection in elderly patients in countries previously
endemic, such as in Southern Europe).

Materials and methods
Study area and sample collection
We conducted a prospective cross-sectional study from January to April 2010 by surveying
individuals by households in the Muang (or city) district, Khon Kaen Province, northeast
Thailand, where S. stercoralis is endemic. Individuals aged 22–86 years of age (inclusive) were
recruited for the study, with 149 individuals providing a complete set of samples: feces, blood,
and urine (Fig 1). Fecal specimens were kept in a chilled insulated box (at approximately
15˚C) and transported to the laboratory at the Khon Kaen University Hospital. A ten milliliter
venous whole blood draw was allowed to clot at room temperature for 30 min and sera were
separated into aliquots and stored at -20˚C. A morning urine specimen was collected in wide
mouth containers, centrifuged at 1,500 rpm at 4˚C for 15 min, and the supernatant separated
with a final concentration of 0.1% NaN3 which was added as a preservative [15]. The urine
specimens were stored at 4˚C until used. The participants were assigned to 3 groups based on
the results of fecal examinations. Group 1 was S. stercoralis-positive (n = 41), Group 2 was
other parasitic infections but negative for S. stercoralis (n = 22). Group 3 was parasite-negative
(n = 86) as confirmed by FECT and APCT. These 3 groups of subjects were defined as “fieldcollected samples”, with no known history of treatment with anthelmintic drugs as determined

Fig 1. Flow chart of participants in the study. Data shown for age are mean ± SD, where n is the sample size.
https://doi.org/10.1371/journal.pone.0192598.g001
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by interview and Ministry of Health records of the area. A separate set of participants from
known non-endemic areas of S. stercoralis were included to establish the negative controls for
the urine ELISA. The parasite infection status was confirmed by fecal examinations (FECT
and APCT). There were 75 subjects from whom serum samples were obtained, and 62 subjects
who provided urine samples.

Blood examinations
Blood samples from 121 out of 149 subjects from the field collected samples (Group 1, 2 and 3)
were processed for indirect eosinophil counts using a complete blood count (CBC) analyses.
The number of absolute blood eosinophils was used to assess eosinophilia (eosinophil > 500
cell/μl) [23]. The CBCs were analyzed by an automated hematological machine (Sysmex KX21TM-Hematology-Analyzer, Japan).

Fecal examinations
Fecal examinations were carried out using the agar plate culture technique (APCT) and the
quantitative formalin-ethyl acetate concentration technique (FECT). The APCT was performed according to the method described by Koga and coworkers [24]. In brief, four grams
of fecal sample was placed on a 1.5% nutrient agar plate and incubated at 25˚C for 4–5 days.
For parasite identification, the surface of the plate was washed with 10 ml of 10% formalin,
transferred to a test tube, centrifuged and the sediment was examined as a wet preparation
under a light microscope. In addition, 2 g of fecal sample from each sample was processed for
parasitic examination by FECT [10,25]. In FECT, results from duplicate examination of each
fecal sample were combined. The sample was defined as positive if at least one S. stercoralis larvae was found by either method. The intensity of parasitic infection was estimated by egg per
gram of feces (epg) and larva per gram of feces (lpg) from FECT.

Preparation of crude S. ratti antigen extract
The life cycle of S. ratti has been maintained in Wistar rats at the Department of Infection and
Immunology, Aichi Medical University School of Medicine, Japan. Feces of infected Wistar
rats were cultured using a filter paper culture method [26] to produce third-stage filariform
larvae (L3) of S. ratti. The larvae were concentrated and washed with normal saline and stored
at -20˚C for crude soluble antigen extraction. Antigens of S. ratti were prepared as described
previously [27,28]. S. ratti L3 were dispersed in phosphate buffer saline (PBS) pH 7.4 containing protease inhibitor mix (GE Healthcare, Bio-Sciences Corp., USA) and were frozen at
-70˚C for 30 minutes and thawed for 4–5 times and subsequently disrupted by sonication. The
homogenate was stored at 4˚C overnight and centrifuged at 15,000xg for 30 minutes at 4˚C.
The protein concentration of the supernatant was measured by the Bradford protein assay
[29], then stored at -20˚C until used.

Procedures for urine and serum ELISA
Establishment of the ELISA protocols were conducted based on modifications from the previous studies by our group [10,30]. For the serological studies, antibody levels were expressed as
units based on a standard curve made from serially diluted pools of high-titer positive sera
from strongyloidiasis patients. A set of the serially diluted sera was included in each microtiter
plate in duplicate. Furthermore, eight wells per ELISA set were assigned as internal controls
consisting of two blanks, and positive and negative controls in duplicate. Pools of high-
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antibody titer sera from strongyloidiasis cases were used as the positive control sera to optimize the protocol for urine ELISA.
For the urine ELISA, optimum dilutions of coating antigen, urine samples, anti-human
immunoglobulin HRP conjugate and standard curves were predetermined by checkerboard
titration. Based on a preliminary study, the urine samples were preserved with a final concentration of 0.1% NaN3 and kept at 4˚C until required for analyses.
For the standardized ELISA procedure, a 96-well microtiter plate (Maxisorp; Nunc, Roskilde, Denmark) was coated with 5 μg of S. ratti antigen/ml kept at 4˚C overnight. The plates
were washed twice with PBS (pH 7.2, containing 0.05% Tween20). After blocking the plate
with blocking buffer containing 3% skimmed milk in PBS and 0.5% Tween 20 for 2 hours at
room temperature, 100 μl of 8,000 times diluted serum or 100 μl of 2 times diluted urine were
added to the wells and incubated for one hour at 37˚C. After washing the plates three times,
100 μl of horseradish peroxidase conjugate goat anti-human IgG (dilution 1:4000) (Zymed,
California, USA.) was added and incubated at 37˚C for 1 hour. The plate was washed three
times and 100 μl of a substrate solution (o-phenylenediamine in citrate phosphate buffer, pH
5.0) was added and incubated at room temperature in the dark for 1 hour. The enzyme reaction was stopped with 50 μl per well of 4N sulfuric acid and the optical density (OD) of each
well was measured at 492 nm by an ELISA reader (TECAN Sunrise, Austria). Each sample was
added to the wells in duplicate.

Cross reactivity
In order to assess the specificity of the urine ELISA for diagnosis of strongyloidiasis, cross reactivity with other parasitic infections and related diseases were investigated. Urine samples
from subjects with other parasitic infections were tested: Opisthorchis viverrini (n = 15), Taenia
sp. (n = 7), Trichuris trichiura (n = 4), Echinostoma sp. (n = 6), minute intestinal flukes (n = 8).
In addition, urine from other diseases available for testing included cholangiocarcinoma
(n = 4), cholecystitis (n = 3), and adenocarcinoma of different organs (n = 12), with 5 from the
rectum, 2 from the colon, 2 from the pancreas, 1 each from the stomach, gall bladder and liver.
Cross reactivity analyses with serum included O. viverrini (n = 17), Taenia sp. (n = 2), Angiostrongylus cantonensis (n = 2), Paragonimus spp. (n = 4), Fasciola spp. (n = 5) and Clonorchis
sinensis (n = 5). The procedures for collection of urine and serum samples for cross reactivity
tests were the same as those for field-collected samples.

Blinding
Laboratory staff involved in the study had no access to the urine and serum codes or the clinical information of participants, therefore the results of the references tests and the index tests
were blinded during the specimen analyses.

Statistical analysis
A combination of parasitological techniques of APCT and FECT were used as the primary reference standard. Due to a low sensitivity of the gold standard parasitological techniques for S.
stercoralis, a composite reference standard was used in this study as previously suggested [5].
The composite reference standard to calculate the diagnostic accuracy for serum ELISA was a
combination of the results of parasitological diagnoses (fecal examination) and urine ELISA.
In the case of urine ELISA, the composite reference standard was a combination of the results
of parasitological diagnoses and serum ELISA.
Receiver Operating Characteristic (ROC) curves were used to evaluate the diagnostic
parameters of the urine ELISA and serum ELISA compared to the primary and composite
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reference standard. The ROC curve was used to calculate the sensitivity, specificity, positive
predictive values (PPV), negative predictive values (NPV) the likelihood ratio of obtaining a
positive test result (LR+), and the likelihood ratio of obtaining a negative test result (LR-)
using a 50% S. stercoralis prevalence rate, as previously determined from our field studies in
the S. stercoralis endemic areas in the region [27] to further characterize assay performance.
A logistic regression model was used to evaluate the relationship between strongyloidiasis
infection status and urine and serum antibody concentrations determined by the urine ELISA
and serum ELISA assays. The model was used to calculate odds ratios (OR) and corresponding
95% confidence intervals (CIs). A 0.05 significance level (alpha = 0.05) was utilized to determine meaningful predictors in the model. Pearson product-moment correlation test was used
to evaluate the correlation coefficient between urine and serum antibodies and the correlation
between blood eosinophil count and urine or serum antibodies. Statistical analyses were performed with SPSS version 21 (IBM) and SAS 9.3 (Cary Institute, NC).

Ethics statement
The study protocol was approved by the Ethics Committee of Khon Kaen University, Khon
Kaen Thailand (reference number HE561057). Written informed consents were obtained
from all participating subjects. Infected individuals were treated with appropriated anthelmintic drugs. The protocol for the maintenance and production of larval stages of S. ratti was
approved by the Institutional Animal Ethics Committee of the Aichi Medical University (reference number 2013–17).

Results
Study sample
There were 149 individuals (54 males and 95 females with an average age of 54 years) who provided a complete set of urine, feces and blood samples in this study (Table 1).

Comparative diagnostic accuracy of urine, fecal and serum detection
methods
The Venn diagrams (Fig 2) show the overlapping distributions of strongyloidiasis positive and
negative results for each detection method. Among 122 cases (81.9%) (Fig 2A), 78 cases
Table 1. Demographic data and detail parasitic infections of the field collected sample subjects for assessment of diagnosis performance study. Data shown were
number of subjects, mean and S.D.
Group

S. stercoralis monoinfection
(Group 1)

Other parasite infection
(Group 2)

Negative
(Group 3)

Total

Total

41

22

86

149

Male

18

8

28

54

Female

23

14

58

95

Age (years)
(Mean ±SD)

57.2 ± 12.1

59.6 ±13.1

54.9±10.9

56.2 ± 11.6

20–40

2

1

3

6

41–60

20

10

59

89

60+

19

11

24

54

18.2 ± 9.2

0

0

Age by strata

Intensity of Infection
LPG


LPG refers to larvae per gram of feces

https://doi.org/10.1371/journal.pone.0192598.t001
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Fig 2. Venn diagrams comparing the distribution of positive and negative results by each diagnostic method.
https://doi.org/10.1371/journal.pone.0192598.g002

(52.3%) were positive by both urine and serum ELISA, whereas 22 cases (14.8%) were positive
only by urine ELISA and 17 cases (11.4%) positive by serum ELISA. Of the 102 positive cases
by urine ELISA examination, 4 cases (3.9%) were found to be negative by serum ELISA. When
the positive results from the two ELISA methods and the fecal examination were analyzed
using Venn diagram, 36 cases were positive for all three methods (24.2%), 2 were positive for
urine ELISA and fecal examination and 3 were positive by serum ELISA and fecal examination. Conversely (Fig 2B), among a total of 113 negative results, 27 were negative for all three
methods. Of those negative results, 42 cases were found to be exclusively negative for fecal
examination.

Cross-reactivity with other parasitic infections endemic to Northeastern
Thailand
Apart from the field-collected samples, separate sets of urine and serum samples were tested
for cross reactivity of the urine and serum ELISA for an evaluation of specificity. As shown in
Fig 3, no cross-reaction for urine ELISA was found in samples from individuals infected with
Taenia sp. (n = 7), T. trichiura (n = 4), Echinostoma sp. (n = 6), minute intestinal flukes
(n = 8), cholangiocarcinoma (n = 4), cholecystitis (n = 3), and adenocarcinoma (n = 12). For
serum ELISA, there was no cross-reaction from individuals infected with Taenia sp. (n = 2), A.
cantonensis (n = 2), Paragonimus spp. (n = 4), Fasciola spp. (n = 5), and Clonorchis sinensis
(n = 5). There were cross-reactivity in individuals with O. viverrini for both urine (2/15) and
serum (3/17) ELISA, however, the antibody level was close to the cutoff point. Table 2 shows
the threshold to obtain the diagnostic cutoff for positivity using urine ELISA and serum ELISA
as determined by the ROC curve (Fig 4). The positive and negative predictive values (PPV and
NPV) and positive and negative likelihood ratios (LR+, LR-) were estimated based on a prevalence of S. stercoralis of 50%. In comparison to the primary reference standard, the urine
ELISA ROC had an AUC of 0.731 with 93% sensitivity and 41% specificity and the serum
assay had an AUC of 0.867, 95% sensitivity, 45% specificity. Moreover, when compared to the
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Fig 3. Tests for cross reactivity with other parasites and disease for strongyloidiasis. Tests for cross reactivity of the urine ELISA (A) and serum ELISA (B) for
strongyloidiasis. (SS, S. stercoralis; OV; O. viverrini; T, Taenia sp.; Tt, T. trichuira; Echi, Echinostomes; MIF, minute intestinal flukes; Ac, A. cantonensis; Pw, P.
westernmani; Pm, P. miyazakii; F, Fasciola spp.; Cs, C. sinensis; CCA, cholangiocarcinoma, Cholec, cholecystitis; and Adeno, adenocarcinoma).
https://doi.org/10.1371/journal.pone.0192598.g003

composite reference standard, the urine assay ROC had an AUC of 0.782 with 80% sensitivity
and 55% specificity and the serum assay had an AUC of 0.763 with 77% sensitivity and 61%
specificity.
A logistic regression model was used to determine the odds of having a positive diagnosis
of S. stercoralis based on increasing urine antibody levels and serum antibody levels as presented in Table 3. S. stercoralis infection level as expressed by larvae per gram (lpg) of feces,
age, sex, and blood eosinophil counts were included in the model to assess for confounding,
however only blood eosinophil count was found to be a significant confounder only when
using urine ELISA assay. The confounding effect of the eosinophil count was stronger as the
urine antibody levels increased. A one arbitrary unit increase in urine strongyloidiasis as
detected by the urine assay had a less than 1% odds of having strongyloidiasis; However, in
increasing antibody units of 100, 500 and 1000 the odds of a positive diagnosis were 4%, 20%
and 45% respectively when adjusted for blood eosinophil count. Similar results are observed

Table 2. Diagnostic performance of antibody detection by the urine assay and serum assay compared with the primary and composite reference standard.
A. Primary reference standard (41 infected, 108 uninfected)
Diagnostic
Method

Sensitivity
(%)

Specificity (%)

AUC

Urine

0.731

92.7

Serum

0.867

95.1

Predictive value (%)

†

LR+

†

LR-

Positive

Negative

40.7

37.2

93.6

1.6

0.2

45.3

39.8

96.1

1.7

0.1

B. Composite reference standard



Diagnostic
Method

Specificity (%)

AUC

Sensitivity
(%)

Urine

0.782

80.0%

Serum

0.763

77.1%

Predictive value (%)

†

LR+

†

LR-

Positive

Negative

55.1%

78.4

57.5

1.8

0.4

61.4%

82.7

52.9

2.0

0.4

AUC refers to the area under the Receiver operating characteristic (ROC) curve. Positive Predictive Value (PPV), Negative Predictive Value (NPV) and Likelihood

Ratios (LR) were estimated using 50% prevalence rate of strongyloidiasis.
†

LR+ refers to the likelihood of observing a positive test result in patients with strongyloidiasis, and LR- refers to the likelihood, after subtracting from 1, of observing a
negative test result with individuals without strongyloidiasis infection
https://doi.org/10.1371/journal.pone.0192598.t002
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Fig 4. The comparison of the ROC curves. The ROC curve illustrates the comparison between the diagnostic performance of antibody detection using a urine assay
and a serum assay. The model used to construct the ROC curve was modeled to include negative controls (strongyloidiasis negative and other infections) and
individuals who were infected with strongyloidiasis. A; Primary reference standard for serum and urine ELISA, B; Composite reference standard for serum ELISA, C;
Composite reference standard for urine ELISA.
https://doi.org/10.1371/journal.pone.0192598.g004

using the serum assay, however the odds of having a positive strongyloidiasis diagnosis are
much higher at 20%, 251% and 632% respectively.

Correlations between antibodies in serum and urine
The correlation of IgG antibody levels obtained by two ELISA methods were analyzed and the
results show statistically significant correlations (r = 0.56; P<0.0001) between urine and serum
Table 3. Odd ratios and 95% confidence intervals for predicting the presence of Strongyloides stercoralis infection by the detection of IgG against a crude S. ratti
antibody in urinary or serum.
Predicting strongyloidiasis using urine ELISA assay
Unit

Odds Ratio

95% CIa
(Lower, Upper)

Adjustedb
Odds Ratio

95% CIa
(Lower, Upper)

1.0

0.998

0.997–0.999

1.002

1.000–1.001

100.0

1.057

1.023–1.109

1.038

1.004–1.085

500.0

1.320

1.120–1.680

1.203

1.020–1.503

1000.0

1.742

1.254–2.821

1.446

1.041–2.260

Predicting strongyloidiasis using serum ELISA assay
Adjustedb
Odds Ratio

95% CIa
(Lower, Upper)

1.001–1.003

0.998

0.997–0.999

1.126–1.301

1.206

1.113–1.333

2.513

1.428–2.200

2.552

1.706–4.213

6.317

1.812–2.723

6.513

2.909–17.748

Unit

Odds Ratio

1.0

1.002

100.0

1.202

500.0
1000.0
a
b

95% CIa
(Lower, Upper)

CI refers to confidence interval.
Adjusted for eosinophil count.

https://doi.org/10.1371/journal.pone.0192598.t003
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Fig 5. Correlation between urine IgG and serum IgG antibodies. Log-transformed variables. Correlation coefficient
determined by Pearson product-moment correlation test.
https://doi.org/10.1371/journal.pone.0192598.g005

antibody levels (Fig 5). Test for agreement between two diagnostic methods revealed fair
agreement when compare with primary reference standard and good agreement at composite
reference standard as shown in Table 4.

Correlation between blood eosinophil count and antibodies in serum and
urine
We observed a significant positive correlation between eosinophil and urine antibody
(r = 0.25, P = 0.006), however, the correlation was relatively weak. The positive correlation
between eosinophil and serum antibody was stronger with a correlation coefficient of 0.48
(P<0.0001). Table 5 shows the number of cases with eosinophilia separated by diagnostic test
results. The strongyloidiasis positive group had higher percentages with eosinophilia than
those in the negative group.

Discussion
The present studies showed that urine and serum ELISA tests for the detection of strongyloidiasis were similar in terms of sensitivity, specificity, and predictive diagnostic values (Odds
Ratios). Based on the same sample population, the percent positive for both the urine and
serum ELISAs for strongyloidiasis were comparable (68.5% and 65.8%, respectively), while the
Table 4. Test for agreement between two diagnostic methods.
Kappa value
Diagnostic test

Primary
reference standard

Composite
reference standard

Serum ELISA

Serum ELISA

0.28

0.60

/

Urine ELISA

0.23

0.65

0.33

Urine ELISA

/

https://doi.org/10.1371/journal.pone.0192598.t004
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Table 5. The number of cases with eosinophilia as classified by results of each diagnostic methods. Absolute eosinophil count >500 cell/μl = eosinophilia.
Diagnostic tests

Eosinophilia
Positive diagnostic result

Negative diagnostic result

Fecal examination

21/38 (55.3%)

21/83 (25.3%)

Serum ELISA

36/81 (44.4%)

6/40 (15.0%)

Urine ELISA

31/81 (38.3%)

11/40 (27.5%)

https://doi.org/10.1371/journal.pone.0192598.t005

percent positive for strongyloidiasis by coprological examine was less than half (27.5%) of
those for urine and serum tests. In fact, an additional 81 individuals were determined to be
positive for strongyloidiasis by urine or serum ELISA that went undetected by the coprological
exam. These results show that coprological examination is less sensitive to diagnose strongyloidiasis than urine or serum ELISA. This is in keeping with reports by Siddiqui and Berk [4],
who reported that conventional coprological examination fails to detect S. stercoralis larvae in
up to 70% of cases. It should be noted that the detection rate for coprological methods can be
increased from 18.6% to 24.4% for S. stercoralis when repeated fecal samples (usually around 3
days) are combined with the results of APCT and the Baermann method [31]. Moreover,
APCT increased sensitivity to 85% when it used with repeated fecal samples [32]. However,
three fecal samples are a time-consuming, laborious, and not always a feasible method to
screen populations resident in areas where S stercoralis is endemic. Our study shows that IgG
excreted into urine against a crude larval S. ratti antigen extract correlated extremely well with
IgG level in serum and can also be used to detect strongyloidiasis. By virtue of its increased
sensitivity and ease of collecting urine samples, we advise that the urine ELISA for strongyloidiasis be routinely introduced to screen population for strongyloidiasis in S. stercoralis
endemic areas. Chronic strongyloidiasis is often asymptomatic and non-severe, but when left
untreated individuals, remain at lifelong risk of hyperinfection syndrome or disseminated
strongyloidiasis, both of which can be lethal. Successful identification and treatment of chronic
strongylodiasis is therefore critical and this can be accomplished during screening programs of
populations [33].
In this study, we showed that the increased detection rate of for strongyloidiasis using the
urine and serum ELISA tests resulted in an increased prevalence of S. stercoralis in an endemic
area in northeast Thailand. These findings are consistent with previous studies examining the
prevalence of strongyloidiasis using serum ELISA in S. stercoralis endemic areas in Thailand
by Douce and colleagues (45.0%) [7], by Sithithaworn and colleagues (47.5%) [10] and again
by Sithithaworn and colleagues (27.5%) [27]. In Malaysia, serum ELISA detection showed that
31.5% prevalence in S. stercoralis endemic areas [34]. Other studies on prevalence of S. stercoralis in Southeast Asia based on coprological techniques show lower and much more variable
prevalence rates of Strongyloides. For example, the prevalence rates were found to be 10.3% in
Lao PDR [35], 21.0% in Cambodia [31]; and 21.0% in China [36]. Due to practical reasons,
duplicate examinations of a single fecal sample were performed in this study. In addition, false
positives for ELISA may occur in light infection cases in which larval output is minimal or
may be due to sero-positive reflecting previous Strongyloides infection. Moreover, a previous
study has shown that in antibody positive cases by ELISA, which had subsequent repeated
fecal examinations, approximately half of the cases were found to be infected [32]. For the test
of cross reactivity, a previous study using a similar serum ELISA system of S ratti showed that
there was cross reactivity to other parasites, particularly filariasis [37,38]. Nevertheless, the limitation of this study is that there is no filarial serum samples for cross reactivity. Since, there is
no report of filariasis in this study area [39], the possibility of cross reactivity in our test is
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quite low. The cross reactivity with O. viverrini is anticipated as concurrent infections by O.
viverrini and S. stercoralis in northeast Thailand are frequent [10,40]. Another explanation is
that S. stercoralis infection may be in the pre-patent period, therefore the larvae are not
detected. The finding that no such cross reactivity for the closely related trematode, C. sinensis
was observed in this study as well as the previous report [27] is currently not known, but confirmed analysis on a larger sample size is required. The diagnostic performance of antibody
detection by the urine assay and serum assay compared with the primary reference standard
shows 93% and 95% sensitivity respectively, however, PPV are low. When using a combination
of diagnostic tests as a standard (composite reference standard), the performances for both
serum as well as urine assays had slightly lower sensitivity but had higher specificity and predictive values. The drawback of composite reference standard is that it may cause false positivity, which can be confirmed by parasitological methods.
An important question arising from our study is the presence of detectable Strongyloides
antibody (protein) in the urine. Theoretically, the permeability of the glomerular barrier
should block protein leakage from plasma to urine, such as albumin, which is commonly
detected by the urine dipstick test [41]. One explanation for the presence of parasite-specific
antibody in urine is that the movement of albumin into Bowman’s space is not restricted by
pore size, but by its negative charge and the consequent repulsive electrostatic interactions
with the negatively charged glomerular endothelium. Hence, it is quite possible that the presence of antibody in the urine due to S. stercoralis infection is not accompanied by appreciable
albuminuria—a hypothesis that clearly deserves further study. However, in normal human
urine, immunoglobulins are rarely detectable [42,43] and if so are considered to be associated
with renal pathology (microproteinuria). In our study, there were some samples (4 of 102 or
3.9%) that had positive urine ELISA but had negative serum ELISA. We hypothesize that the
high concentration of Strongyloides-specific IgG detected in the urine, as opposed to low
serum concentration, may associate with the degree of deposition of immune complex in the
kidneys. This has previously described in schistosomiasis and malaria [44]. Indeed, Strongyloides-associated glomerulonephritis as well as the presence of Strongyloides antigen in renal
biopsy tissues have been demonstrated [45]. Hence, the presence of immune complex in the
kidneys as well as vascular inflammation due to glomerulonephritis could enhance leakage of
IgG from the plasma to urine which can result in a positive ELISA. Similar to our results, significant correlation between antibody levels in serum and in urine has been reported in the
diagnosis of Schistosoma japonica and hepatitis-A [15,46]. The correlation between the antibody levels in serum and urine suggest that the antibody in urine is derived from serum. The
physiological concentration of IgG in urine is 10,000 times less than that in plasma. Nevertheless, the detection of antibodies in urine have been suggested as the possible alternatives for
plasma/serum for the diagnosis of various parasitic diseases because of less invasiveness of the
collection of urine samples [13–18]. Collection of urine samples is particularly useful for the
epidemiological surveillance when patients are unwilling to give blood samples [47].
In the present study, there was no significant correlation between the antibody level of IgG
to crude larval S. ratti antigen extract and the age, sex or intensity of infection (expressed as
larvae per gram of feces or lpg) of the patients, as determined by coprological methods. This
result is in concordance with the report from Luvira and coworkers [48]. In contrast to our
results, [49–51] there have been reported correlations between antibody levels and age, sex or
lpg. This discrepancy maybe due to the insufficient numbers of samples examined in our study
or due to the restricted range of sampling in the endemic area.
Although urine sample collection is non-invasive and much easier than serum sample collection, the storage of urine samples can be problematic. Protein concentrations in urine can
decrease at -20˚C, particularly when precipitates had formed after storage and thawing [52,53].
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For urine ELISA for schistosomiasis, Itoh and coworkers [15] reported that antibody levels can
be maintained when urine samples were kept at 37˚C with 0.1% NaN3 for up to 8 weeks. Similarly, Terada and coworkers [54] reported that antibodies in urine were stable for 1 year at
2–8˚C for detection of rubella-specific IgG antibody. Thus, once the collection and the storage
procedure of urine have been established, it is practical in remote areas and mass screening
compared to blood sample collection. In this study, we preserved urine samples with 0.1%
NaN3 and kept at 4˚C to avoid precipitation after thawing from frozen samples.
In conclusion, strongyloidiasis is a serious public health problem that requires early detection with highly efficient but simple diagnostic methods. The findings that diagnostic accuracy
in terms of the sensitivity and specificity of the urine ELISA was comparable to serum ELISA
for serodiagnostic of strongyloidiasis, indicated that urine is a promising alternative to blood
sample for screening prior to confirmation by a standard diagnosis for clinical management.
Since collection of urine samples is noninvasive and the handling of urine samples is much
easier than that of blood, urine ELISA may be used for routine laboratory analyses, epidemiological surveillance as well as a diagnostic method in control programs for strongyloidiasis.
Further studies are required to test the utility of urine ELISA for diagnosis of strongyloidiasis
based on larger sample sizes in different endemic communities.

Supporting information
S1 File. A complete set of data in this study.
(XLSX)

Acknowledgments
We acknowledge assistance and English Editing by Professor Ross H Andrews and the Publication Clinic, Faculty of Medicine, Khon Kaen University, Thailand.

Author Contributions
Conceptualization: Chatanun Eamudomkarn, Paiboon Sithithaworn, Makoto Itoh.
Data curation: Paiboon Sithithaworn.
Formal analysis: Chatanun Eamudomkarn, Christine Kamamia, Anna Yakovleva, Chompunoot Wangboon, Prasert Saichua.
Funding acquisition: Paiboon Sithithaworn.
Investigation: Jiraporn Sithithaworn.
Methodology: Chatanun Eamudomkarn, Prasert Saichua, Makoto Itoh.
Project administration: Chatanun Eamudomkarn, Paiboon Sithithaworn.
Resources: Paiboon Sithithaworn, Anchalee Techasen, Watcharin Loilome, Puangrat Yongvanit, Makoto Itoh.
Software: Christine Kamamia, Anna Yakovleva.
Supervision: Paiboon Sithithaworn, Jiraporn Sithithaworn, Sasithorn Kaewkes, Makoto Itoh,
Jeffrey M. Bethony.
Writing – original draft: Chatanun Eamudomkarn.
Writing – review & editing: Paiboon Sithithaworn, Makoto Itoh, Jeffrey M. Bethony.

PLOS ONE | https://doi.org/10.1371/journal.pone.0192598 July 9, 2018

13 / 16

Urinary IgG antibody detection of strongyloidiasis

References
1.

Olsen A, van Lieshout L, Marti H, Polderman T, Polman K, et al. (2009) Strongyloidiasis—the most
neglected of the neglected tropical diseases? Trans R Soc Trop Med Hyg 103: 967–972. https://doi.
org/10.1016/j.trstmh.2009.02.013 PMID: 19328508

2.

Krolewiecki AJ, Lammie P, Jacobson J, Gabrielli AF, Levecke B, et al. (2013) A public health response
against Strongyloides stercoralis: time to look at soil-transmitted helminthiasis in full. PLoS Negl Trop
Dis 7: e2165. https://doi.org/10.1371/journal.pntd.0002165 PMID: 23675541

3.

Schar F, Trostdorf U, Giardina F, Khieu V, Muth S, et al. (2013) Strongyloides stercoralis: Global Distribution and Risk Factors. PLoS Negl Trop Dis 7: e2288. https://doi.org/10.1371/journal.pntd.0002288
PMID: 23875033

4.

Siddiqui AA, Berk SL (2001) Diagnosis of Strongyloides stercoralis infection. Clin Infect Dis 33: 1040–
1047. https://doi.org/10.1086/322707 PMID: 11528578

5.

Bisoffi Z, Buonfrate D, Sequi M, Mejia R, Cimino RO, et al. (2014) Diagnostic accuracy of five serologic
tests for Strongyloides stercoralis infection. PLoS Negl Trop Dis 8: e2640. https://doi.org/10.1371/
journal.pntd.0002640 PMID: 24427320

6.

Neva FA, Gam AA, Burke J (1981) Comparison of larval antigens in an enzyme-linked immunosorbent
assay for strongyloidiasis in humans. J Infect Dis 144: 427–432. PMID: 7031142

7.

Douce RW, Brown AE, Khamboonruang C, Walzer PD, Genta RM (1987) Seroepidemiology of strongyloidiasis in a Thai village. Int J Parasitol 17: 1343–1348. PMID: 3429125

8.

Paula FM, Costa-Cruz JM (2011) Epidemiological aspects of strongyloidiasis in Brazil. Parasitology
138: 1331–1340. https://doi.org/10.1017/S003118201100120X PMID: 21810305

9.

Sato Y, Toma H, Takara M, Shiroma Y (1990) Application of enzyme-linked immunosorbent assay for
mass examination of strongyloidiasis in Okinawa, Japan. Int J Parasitol 20: 1025–1029. PMID:
2074127

10.

Sithithaworn P, Srisawangwong T, Tesana S, Daenseekaew W, Sithithaworn J, et al. (2003) Epidemiology of Strongyloides stercoralis in north-east Thailand: application of the agar plate culture technique
compared with the enzyme-linked immunosorbent assay. Trans R Soc Trop Med Hyg 97: 398–402.
PMID: 15259466

11.

Krolewiecki AJ, Ramanathan R, Fink V, McAuliffe I, Cajal SP, et al. (2010) Improved diagnosis of Strongyloides stercoralis using recombinant antigen-based serologies in a community-wide study in northern
Argentina. Clin Vaccine Immunol 17: 1624–1630. https://doi.org/10.1128/CVI.00259-10 PMID:
20739501

12.

Anderson NW, Klein DM, Dornink SM, Jespersen DJ, Kubofcik J, et al. (2014) Comparison of three
immunoassays for detection of antibodies to Strongyloides stercoralis. Clin Vaccine Immunol 21: 732–
736. https://doi.org/10.1128/CVI.00041-14 PMID: 24648484

13.

Sunita T, Dubey ML, Khurana S, Malla N (2007) Specific antibody detection in serum, urine and saliva
samples for the diagnosis of cystic echinococcosis. Acta Trop 101: 187–191. https://doi.org/10.1016/j.
actatropica.2006.07.014 PMID: 17335765

14.

Vazquez S, Cabezas S, Perez AB, Pupo M, Ruiz D, et al. (2007) Kinetics of antibodies in sera, saliva,
and urine samples from adult patients with primary or secondary dengue 3 virus infections. Int J Infect
Dis 11: 256–262. https://doi.org/10.1016/j.ijid.2006.05.005 PMID: 16914345

15.

Itoh M, Ohta N, Kanazawa T, Nakajima Y, Sho M, et al. (2003) Sensitive enzyme-linked immunosorbent
assay with urine samples: a tool for surveillance of schistosomiasis japonica. Southeast Asian J Trop
Med Public Health 34: 469–472. PMID: 15115114

16.

Islam MZ, Itoh M, Mirza R, Ahmed I, Ekram AR, et al. (2004) Direct agglutination test with urine samples
for the diagnosis of visceral leishmaniasis. Am J Trop Med Hyg 70: 78–82. PMID: 14971702

17.

Itoh M, Weerasooriya MV, Qiu G, Gunawardena NK, Anantaphruti MT, et al. (2001) Sensitive and specific enzyme-linked immunosorbent assay for the diagnosis of Wuchereria bancrofti infection in urine
samples. Am J Trop Med Hyg 65: 362–365. PMID: 11693885

18.

Sawangsoda P, Sithithaworn J, Tesana S, Pinlaor S, Boonmars T, et al. (2012) Diagnostic values of
parasite-specific antibody detections in saliva and urine in comparison with serum in opisthorchiasis.
Parasitol Int 61: 196–202. https://doi.org/10.1016/j.parint.2011.06.009 PMID: 21704727

19.

Ghosh P, Bhaskar KRH, Hossain F, Khan MAA, Vallur AC, et al. (2016) Evaluation of diagnostic performance of rK28 ELISA using urine for diagnosis of visceral leishmaniasis. Parasites & Vectors 9: 383.

20.

Chirag S, Fomda BA, Khan A, Malik AA, Lone GN, et al. (2015) Detection of hydatid-specific antibodies
in the serum and urine for the diagnosis of cystic echinococcosis in patients from the Kashmir Valley,
India. J Helminthol 89: 232–237. https://doi.org/10.1017/S0022149X13000837 PMID: 24429044

PLOS ONE | https://doi.org/10.1371/journal.pone.0192598 July 9, 2018

14 / 16

Urinary IgG antibody detection of strongyloidiasis

21.

Verweij JJ, Canales M, Polman K, Ziem J, Brienen EA, et al. (2009) Molecular diagnosis of Strongyloides stercoralis in faecal samples using real-time PCR. Trans R Soc Trop Med Hyg 103: 342–346.
https://doi.org/10.1016/j.trstmh.2008.12.001 PMID: 19195671

22.

Lodh N, Caro R, Sofer S, Scott A, Krolewiecki A, et al. (2016) Diagnosis of Strongyloides stercoralis:
Detection of parasite-derived DNA in urine. Acta Trop 163: 9–13. https://doi.org/10.1016/j.actatropica.
2016.07.014 PMID: 27456935

23.

Gotlib J (2014) World Health Organization-defined eosinophilic disorders: 2014 update on diagnosis,
risk stratification, and management. Am J Hematol 89: 325–337. https://doi.org/10.1002/ajh.23664
PMID: 24577808

24.

Koga K, Kasuya S, Khamboonruang C, Sukhavat K, Ieda M, et al. (1991) A modified agar plate method
for detection of Strongyloides stercoralis. Am J Trop Med Hyg 45: 518–521. PMID: 1951861

25.

Elkins DB, Haswell-Elkins MR, Mairiang E, Mairiang P, Sithithaworn P, et al. (1990) A high frequency of
hepatobiliary disease and suspected cholangiocarcinoma associated with heavy Opisthorchis viverrini
infection in a small community in north-east Thailand. Trans R Soc Trop Med Hyg 84: 715–719. PMID:
2177578

26.

Kimura E, Shintoku Y, Kadosaka T, Fujiwara M, Kondo S, et al. (1999) A second peak of egg excretion
in Strongyloides ratti-infected rats: its origin and biological meaning. Parasitology 119 (Pt 2): 221–226.
PMID: 10466130

27.

Sithithaworn J, Sithithaworn P, Janrungsopa T, Suvatanadecha K, Ando K, et al. (2005) Comparative
assessment of the gelatin particle agglutination test and an enzyme-linked immunosorbent assay for
diagnosis of strongyloidiasis. J Clin Microbiol 43: 3278–3282. https://doi.org/10.1128/JCM.43.7.32783282.2005 PMID: 16000448

28.

Eamudomkarn C, Sithithaworn P, Sithithaworn J, Kaewkes S, Sripa B, et al. (2015) Comparative evaluation of Strongyloides ratti and S. stercoralis larval antigen for diagnosis of strongyloidiasis in an
endemic area of opisthorchiasis. Parasitol Res.

29.

Bradford MM (1976) A rapid and sensitive method for the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Anal Biochem 72: 248–254. PMID: 942051

30.

Saichua P, Sithithaworn P, Jariwala AR, Diemert DJ, Sithithaworn J, et al. (2013) Microproteinuria during Opisthorchis viverrini infection: a biomarker for advanced renal and hepatobiliary pathologies from
chronic opisthorchiasis. PLoS Negl Trop Dis 7: e2228. https://doi.org/10.1371/journal.pntd.0002228
PMID: 23717698

31.

Khieu V, Schar F, Marti H, Sayasone S, Duong S, et al. (2013) Diagnosis, treatment and risk factors of
Strongyloides stercoralis in schoolchildren in Cambodia. PLoS Negl Trop Dis 7: e2035. https://doi.org/
10.1371/journal.pntd.0002035 PMID: 23409200

32.

Sato Y, Kobayashi J, Shiroma Y (1995) Serodiagnosis of strongyloidiasis. The application and significance. Rev Inst Med Trop Sao Paulo 37: 35–41. PMID: 7569638

33.

Greaves D, Coggle S, Pollard C, Aliyu SH, Moore EM (2013) Strongyloides stercoralis infection. BMJ
347: f4610. https://doi.org/10.1136/bmj.f4610 PMID: 23900531

34.

Ahmad AF, Hadip F, Ngui R, Lim YA, Mahmud R (2013) Serological and molecular detection of Strongyloides stercoralis infection among an Orang Asli community in Malaysia. Parasitol Res 112: 2811–
2816. https://doi.org/10.1007/s00436-013-3450-z PMID: 23666229

35.

Sayasone S, Vonghajack Y, Vanmany M, Rasphone O, Tesana S, et al. (2009) Diversity of human
intestinal helminthiasis in Lao PDR. Trans R Soc Trop Med Hyg 103: 247–254. https://doi.org/10.1016/
j.trstmh.2008.10.011 PMID: 19038411

36.

Steinmann P, Du ZW, Wang LB, Wang XZ, Jiang JY, et al. (2008) Extensive multiparasitism in a village
of Yunnan province, People’s Republic of China, revealed by a suite of diagnostic methods. Am J Trop
Med Hyg 78: 760–769. PMID: 18458311

37.

Requena-Mendez A, Chiodini P, Bisoffi Z, Buonfrate D, Gotuzzo E, et al. (2013) The laboratory diagnosis and follow up of strongyloidiasis: a systematic review. PLoS Negl Trop Dis 7: e2002. https://doi.org/
10.1371/journal.pntd.0002002 PMID: 23350004

38.

Levenhagen MA, Costa-Cruz JM (2014) Update on immunologic and molecular diagnosis of human
strongyloidiasis. Acta Trop 135: 33–43. https://doi.org/10.1016/j.actatropica.2014.03.015 PMID:
24686097

39.

Jongsuksuntigul P, Imsomboon T (2003) Opisthorchiasis control in Thailand. Acta Trop 88: 229–232.
PMID: 14611877

40.

Janwan P, Intapan PM, Thanchomnang T, Lulitanond V, Anamnart W, et al. (2011) Rapid detection of
Opisthorchis viverrini and Strongyloides stercoralis in human fecal samples using a duplex real-time
PCR and melting curve analysis. Parasitol Res 109: 1593–1601. https://doi.org/10.1007/s00436-0112419-z PMID: 21537984

PLOS ONE | https://doi.org/10.1371/journal.pone.0192598 July 9, 2018

15 / 16

Urinary IgG antibody detection of strongyloidiasis

41.

Lamb EJ, MacKenzie F, Stevens PE (2009) How should proteinuria be detected and measured? Ann
Clin Biochem 46: 205–217. https://doi.org/10.1258/acb.2009.009007 PMID: 19389884

42.

Grant GH (1957) The proteins of normal urine. J Clin Pathol 10: 360–368. PMID: 13481124

43.

Hanson LA, Tan EM (1965) Characterization of Antibodies in Human Urine. J Clin Invest 44: 703–715.
https://doi.org/10.1172/JCI105183 PMID: 14276128

44.

van Velthuysen ML, Florquin S (2000) Glomerulopathy associated with parasitic infections. Clin Microbiol Rev 13: 55–66, table of contents. PMID: 10627491

45.

Wong TY, Szeto CC, Lai FF, Mak CK, Li PK (1998) Nephrotic syndrome in strongyloidiasis: remission
after eradication with anthelmintic agents. Nephron 79: 333–336. https://doi.org/10.1159/000045058
PMID: 9678435

46.

Joshi MS, Chitambar SD, Arankalle VA, Chadha MS (2002) Evaluation of urine as a clinical specimen
for diagnosis of hepatitis a. Clin Diagn Lab Immunol 9: 840–845. https://doi.org/10.1128/CDLI.9.4.840845.2002 PMID: 12093683

47.

Connell JA, Parry JV, Mortimer PP, Duncan J (1993) Novel assay for the detection of immunoglobulin G
antihuman immunodeficiency virus in untreated saliva and urine. J Med Virol 41: 159–164. PMID:
8283178

48.

Luvira V, Trakulhun K, Mungthin M, Naaglor T, Chantawat N, et al. (2016) Comparative Diagnosis of
Strongyloidiasis in Immunocompromised Patients. Am J Trop Med Hyg 95: 401–404. https://doi.org/10.
4269/ajtmh.16-0068 PMID: 27296387

49.

Abebe F, Gaarder PI, Petros B, Gundersen SG (2002) Differences in prevalence, intensity of infection
and parasite-specific antibody levels do not predict different age-infection profiles. APMIS 110: 535–
544. PMID: 12390411

50.

Needham CS, Bundy DA, Lillywhite JE, Didier JM, Simmons I, et al. (1992) The relationship between
Trichuris trichiura transmission intensity and the age-profiles of parasite-specific antibody isotypes in
two endemic communities. Parasitology 105 (Pt 2): 273–283.

51.

Nguyen T, Cheong FW, Liew JW, Lau YL (2016) Seroprevalence of fascioliasis, toxocariasis, strongyloidiasis and cysticercosis in blood samples diagnosed in Medic Medical Center Laboratory, Ho Chi
Minh City, Vietnam in 2012. Parasit Vectors 9: 486. https://doi.org/10.1186/s13071-016-1780-2 PMID:
27595647

52.

Klasen IS, Reichert LJ, de Kat Angelino CM, Wetzels JF (1999) Quantitative determination of low and
high molecular weight proteins in human urine: influence of temperature and storage time. Clin Chem
45: 430–432. PMID: 10053054

53.

Elving LD, Bakkeren JA, Jansen MJ, de Kat Angelino CM, de Nobel E, et al. (1989) Screening for microalbuminuria in patients with diabetes mellitus: frozen storage of urine samples decreases their albumin
content. Clin Chem 35: 308–310. PMID: 2914381

54.

Terada K, Niizuma T, Kataoka N, Niitani Y (2000) Testing for rubella-specific IgG antibody in urine.
Pediatr Infect Dis J 19: 104–108. PMID: 10693994

PLOS ONE | https://doi.org/10.1371/journal.pone.0192598 July 9, 2018

16 / 16

